of glucose 1.0%, soluble starch 2.0%, yeast extract 0.5%, NZ-Amine type A (Sheffield Products, Norwich, New York) 0.5 % and CaCO3 0.1 % in distilled water. After slant culture inoculation of 300-ml baffled flasks (Bellco, Catalogue No. 2542-00300) containing 50 ml 6B-S medium, RV-79-9-101 was grown for 48 hours at 28°C with agitation at 250 rpm on a Model V rotary shaker (New Brunswick Scientific Company, Edison, New Jersey) with a 2.5-cm circular orbit. Thereafter 1.5 ml aliquots of the vegetative culture were stored in the vapor phase of liquid nitrogen.
Taxonomic Studies Growth characteristics including carbohydrate utilization, sodium chloride tolerance, growth on potato plugs, biochemical and physiological reactions, and growth on selected media were determined by the methods of LUEDEMANN and BRODSKY4) and LUEDEMANN5) . Nitrate reduction was tested by the method of NEYRA et al. 6) .
Micromorphology was determined with cultures grown on medium A5) consisting of yeast extract 0.1 %, soluble starch 0.1 %, glucose 0.1 %, CaCO3 0.1 % and supplemented with vitamin B12, 100 pg in 1 liter medium or on medium D5) consisting of yeast extract 0.5 %, glucose I%, CaCO3 0.1 % and supplemented with vitamin B12, 100 pg in 1 liter medium. The cultures in 250-ml Erlenmeyer flasks containing 50 ml medium were incubated at 28°C on a Model V rotary shaker at 250 rpm with a 2.5-cm circular orbit. The 48 hour-old cultures were fixed, and stained with a 10 % Gram's crystal violet stain, followed by examination by phase contrast microscopy under oil immersion at 1,000 X magnification.
Oxygen requirements for growth were determined at 28°C by incubating freshly inoculated cultures on agar slants of 6B-M medium, consisting of potato dextrin 2.0 %, Cerelose (CPC International, Englewood Cliffs, New Jersey) 1.0 %, NZ-Amine type A 0.5 %, Ardamine Z (Yeast Products, Inc., Clifton, New Jersey) 0.5 %, agar 1.5 % and CaCO3 0.1 %, in the open air or in an anaerobic Gas Pak jar (BBL Microbiological Systems). The growth was examined after 2 weeks.
Optimum growth temperatures were determined by culturing the organism on slants of 6B-S medium containing 2 % agar at 10, 23, 27, 42, 47 and 52°C. Growth was determined after 1 month for cultures grown at 10°C and after 2 weeks for cultures grown at the higher temperatures.
Whole cell hydrolysis and analyses of whole cell diaminopimelic acid (DAP) type and whole cell sugars were carried out by the method of LECHEVALIER and LECHEVALIER7).
Color names and numbers were assigned according to the ISCC-NBS Centroid Color Charts, standard sample No. 21068).
Shake Flask Fermentations
Frozen vials of the stock culture were thawed at room temperature and the contents served as a primary inoculum for 300-ml baffled flasks containing 50 ml 6B-S medium to give the G1 stage of inoculum. After 48 hours at 28°C with rotary agitation at 250 rpm the GI culture served as inoculum (5 %) for additional 300-ml baffled flasks containing 50 ml 6B-S medium. After 48 hours at 28°C with similar agitation these G2 cultures served as inoculum (5 %) for other shake flask studies.
Fermentors
For the production of crisamicin complex in fermentors, 2-liter baffled flasks (Bellco, Catalogue No. 2542-02000) containing 500 ml 6B-S medium were inoculated (5 %) with 48 hour-old G2 cultures. Agitation at 28°C for 48 hours on a rotary shaker at 200 rpm with a 5-cm circular orbit produced the fermentor inoculum (5%). A 50-liter Fermacell Model FS150 fermentor (New Brunswick Scientific) with a working volume of 30 liters was utilized with 6B-P medium consisting of glucose 10 % (sterilized separately), potato dextrin 2.0 %, NZ-Amine type A 1.0 %, Ardamine Z 0.5 % and CaCO3 0.1 % in distilled water. Agitator speed was 250 rpm and air flow, 15 liters/minute. Dow Corning B, a silicone antifoaming agent, was used at a 1 to 10 dilution. The incubation temperature was 28°C.
DNA, Packed Cell Volume and Glucose Determination DNA determinations were conducted using the colorimetric assay of BURTON9). Packed cell volumes were estimated by centrifuging 10 ml aliquots of the whole fermentation broth in graduated test tubes at high speed in a clinical centrifuge for 20 minutes. Glucose levels were monitored using OF ANTIBIOTICS Thin-layer Chromatography/Bioautography Antibiotic preparations were dissolved in CHCl3 or EtOAc at a concentration of 0.5 to 1.0 mg/ml. For chromatography 10 al of each sample was applied to pre-coated Silica Gel 60 F254 plates with a thickness of 250 µm (E. Merck, Darmstadt, F.R.G.). The developing solvent system consisted of CHC13 -MeOH -AcOH (94:5: 1).
Antimicrobial activity was detected by bioautography against Staphylococcus aureus ATCC 6538P. Antibiotic preparations or fermentation extract material were applied to Gelman instant thinlayer chromatography (ITLC) strips (Gelman Instrument Co., Ann Arbor, Michigan) and developed with the solvent systems consisting of CHCl3 -MeOH (99: 1) or CHCl3 -McOH (98: 2).
High Performance Liquid Chromatography (HPLC) A Varian 5000 Liquid Chromatograph equipped with a Spectra Physics SP4100 computing integrator and a Laboratory Data Control Spectromonitor II Model 1202 UV-visible detector was employed for this study. A prepacked Lichrosorb RP-18 column (10 µm, particle size, 250 mm x 4.6 mm (ID), E. Merck, Darmstadt, F.R.G.) was used with the solvent system, CH3CN -H2O (60: 40) at a flow rate of 2 ml/minute (5 minutes run time). Antibiotic components were detected by absorbance at 254 nm.
Generally whole fermentation broth samples were diluted (1: 5) with 0.1 M phosphate buffer, pH 7.0, and then extracted with an equal volume of EtOAc for 1 hour. Aliquots of the EtOAc extract were taken to dryness under nitrogen and the residue redissolved in CH3CN for HPLC analysis.
Antimicrobial Activity
The antimicrobial spectrum of activity for purified antibiotic preparations of CRS-A was determined by the agar dilution method. Due to the poor solubility in H2O, CRS-A was initially dissolved in DMF and subsequently diluted with medium. The final concentration of DMF was 1.0%.
Results and Discussion
Cultural Characteristics Culture RV-79-9-101 grew on a variety of complex and synthetic media as presented in Table 1 . The general growth habit of the microorganism, lack of aerial mycelium, production of single spores on short sporophores, morphology and structure of spores, and production of a diffusible dark brown pigment suggested that culture RV-79-9-101 may be a strain of Micromonospora purpureochrontogenes. The type strain of this species (IMRU 3343) was selected for comparative studies.
Physiological Characteristics
Both RV-79-9-101 and IMRU 3343 grew well on potato plugs in the presence and absence of CaCO3 indicating a tolerance to acidic conditions. While IMRU 3343 tolerated only low levels of NaCl (no growth was observed on agar medium containing 1.5 % NaCl), culture RV-79-9-101 grew well and produced normal quantities of pigment on media containing up to 4.0% NaCl. Good growth but no pigment production was observed at 5.0% whereas no growth occurred at 7.0% NaCl with RV-79-9-101.
The physiological characteristics of RV-79-9-101 and IMRU 3343 are summarized in Table 2 .
Gelatin and starch were readily hydrolyzed by both cultures. Milk hydrolysis was slow with the type culture whereas with RV-79-9-101 the hydrolysis was very rapid. Neither strain hydrolyzed cellulose. Nitrate was reduced by RV-79-9-101 in CzAPEK's broth, but not in a medium containing yeast extract whereas IMRU 3343 did not reduce nitrate. Hydrogen sulfide was not produced by either culture. While RV-79-9-101 was strongly positive for tyrosinase, IMRU 3343 was marginal. The results of studies on carbohydrate utilization are presented in Table 3 . 
Classification of RV-79-9-101
The observation of single spores and the detection of meso-DAP in whole cell hydrolysates, as well as the general macroscopic appearance of colonies of RV-79-9-101 on agar, place it in the genus Micromonospora. Placement in the species purpureochromogenes is dictated by the production of a dark-brown diffusible pigment as discussed by LUEDEMANN5). At present, all Micromonospora producing this type of pigment are placed in this taxon. Two of the published keys for the genus Micromonospora'o,l'r have used this rare trait to place isolates within a unique species. In addition, the formation of monopodially-branched sporophores, singly or in clusters, supports this assignment. The most probable classification at the present time would be M. purpureochromogenes subsp. halotolerans. The subspecies epithet is derived from the NaCI tolerance exhibited by RV-79-9-101.
RV-79-9-101 is unique among the known species of M. purpureochromogenes. It is relatively tolerant of sodium chloride giving good growth at concentrations up to 5%. The upper limit, determined from the literature, for all other strains is 2%. All other strains are able to utilize glycerol as the sole source of carbon, and do not grow on L-arabinose. In contrast, RV-79-9-101 gives excellent growth on L-arabinose but is unable to grow on glycerol. Finally, RV-79-9-101 readily digests milk, whereas the other strains digest milk only slowly. CRS-A production begins after about 40 hours and reaches a maximum of 250~300 µg/ml by 100 hours and then declines slightly. Antibiotic production was monitored by HPLC, and DNA levels and packed cell volumes were used as indicators of growth. Correlating the time course of crisamicin A production with the growth of RV-79-9-101 indicates that crisamicin A is a growth associated compound. Table 4 gives the Rf values for crisamicins A and B in several TLC systems. Antimicrobial Spectrum
The antimicrobial spectrum of CRS-A when tested against Gram-positive and Gram-negative bacteria, yeast and filamentous fungi by the agar dilution method is presented in Table 5 . CRS-A exhibits good activity against Gram-positive bacteria with minimal inhibitory concentrations ranging from 0.2 to 10 pg/ml against the organisms tested. In general no activity was observed against the Based on high resolution field desorption (HRFD) mass spectrometry the molecular weight of CRS-A was determined to be 598.1124 and a molecular formula of C32H22O12 was assigned12).
CRS-A exhibits acid-base indicator properties being yellow in acid and purple at alkaline pH.
Upon treatment with sodium dithionate CRS-A gives a colorless product which reverts to the original yellow color after air oxidation. The UV-visible spectrum of CRS-A in CH3CN exhibits maxima at 435, 268 and 232 nm. The physico-chemical properties of crisamicin A are summarized in Table 6 . Based on structure determination of LING et al.13) CRS-A is a novel member of the dimeric isochromanequinone group of antibiotics14). Other members of this dimeric class of antibiotics include actinorhodin15), phenocyclinone18) and naphthocyclinone17). A quinoid antibiotic complex, M-9218) has been isolated from Micromonospora and is thought to be related to actinorhodin. With the possible exception of M-92, the antibiotic isochromanequinones are Streptomyces metabolites, while CRS-A is a dimeric isochromanequinone produced by Micromonospora. Studies are underway to isolate and identify the other components of crisamicin complex.
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